Abstract
Introduction

Sepsis describes a complex clinical syndrome resulting from excessive and uncontrolled host responses to infection. Many of the components of the innate immune response that are initially recruited to fight infection can, under some circumstances, cause life-threatening cell and tissue damage leading to multiple organ failure, the clinical hallmark of sepsis
. [4, 5] .
Polymorphonuclear leucocytes (PMN) or neutrophils serve as the 'first line' of innate defence against infection by eliminating pathogens. They contribute to the pathophysiology of sepsis as they are potent in their antimicrobial defences but non-selective in their targets and fulfil the task of eradicating an infection or responding to local tissue injury at the cost of significant collateral damage [3]. In sepsis, circulating PMN develop a dysfunction syndrome characterized by the impairment of potentially microbicidal functions, whereas potentially tissue toxic functions get enhanced: Spontaneous respiratory burst activity is enhanced in resting PMN and even more after activation with soluble stimuli like fMLP (N-formyl-methionyl-leucyl-phenylalanine) and lipopolysaccharide (LPS), whereas distinct microbicidal functions of PMN like phagocytosis and the associated radical production elicited by unopsonized zymosan particles are suppressed
Adenosine is an endogenous purine nucleoside that is released from metabolically active cells and formed extracellularly by degradation of ATP [6] . Thus, extracellular adenosine accumulates in inflamed and hypoxic tissues [7] , and elevated adenosine plasma levels have been detected in patients with sepsis and septic shock [8] . Adenosine is a potent mediator that modulates numerous cell functions and exerts its effects via binding to four subtypes of G-protein coupled adenosine receptors: A1, A2A, A2B and A3 [9] . Activation of high-affinity A1 and low-affinity A3 receptor inhibits adenylyl cyclase activity, whereas activation of high-affinity A2A and low-affinity A2B adenosine receptors causes accumulation of intracellular cAMP, which has strong immunosuppressive effects [10] [11] [12] [13, 14] , and for human peripheral blood cells in patients with chronic heart failure [15] [16] , whereas it revealed as beneficial in situations where the inflammatory process is appropriate in order to respond to microbial challenges [17] .
. Tissue hypoxia-associated accumulation of extracellular adenosine and subsequent signalling through the A2A receptors (A2AR) are well known as important mechanisms inhibiting overactive immune cells, limiting inflammation and protecting normal tissues from excessive collateral damage. Consequently, up-regulation of A2A receptors, as shown for PMN of sepsis patients, for human granulocytes in vitro stimulated with LPS or tumour necrosis factor (TNF)-␣
In 
Materials and methods
Patients
Preparation of blood peripheral neutrophils
Granulocytes were separated from whole blood of sepsis patients and from healthy volunteers as previously described [19] 
Determination of adenosine concentrations
Concentrations of the purine nucleoside adenosine were analysed by dual-column switching high-affinity performance/reversed phase highperformance liquid chromatography technique using an internal surface nitrophenylboronic acid precolumn as previously described [8] . 
Cell stimulation
Preparation of neutrophil membranes
Human neutrophils were suspended in 1. 
RT-PCR
RT-PCR was performed using the primer pairs listed in
Determination of fMLP-induced production of hydrogen peroxide in human neutrophils
Measurement of cyclic AMP levels in human neutrophils
Results
Down-regulation of the adenosine-induced inhibition of H 2 O 2 production in ex vivo stimulated neutrophils
A reduced anti-inflammatory potency of adenosine in PMN of sepsis patients has been reported previously [5] .
Intending to establish an appropriate in vitro model to further investigate these findings, we examined whether the changes in adenosinemediated effects also occur in neutrophils in vitro incubated with LPS, TNF-␣ IL-8, IFN-␥ and IL-1. Stimulation times and mediator concentrations were tested out previously (for reproducible maximum effects and high cell viability, data not shown). Treatment with these mediators did neither affect the spontaneous nor the fMLP-stimulated H2O2 production of PMN (Table 1).
We determined the effects of increasing adenosine concentrations on fMLP-stimulated H2O2 production in native compared to LPS-or cytokine-treated PMN. As shown in Fig. 1 (Fig. 3b) , thereby confirming that the differences in stimulatory effects were essentially A2A receptor mediated. (Fig. 4b, Table 3 ) (Fig. 4c, Table 3 ), indicating that sepsis patients exhibited an increased receptor density and a decreased receptor affinity compared to healthy volunteers. (Fig. 5) .
In ex vivo stimulated neutrophils affinity of the A 2A receptor is decreased
. To exclude effects of the pro-inflammatory A1 receptors, binding parameters of A1 receptors using [ 3 H]DPCPX were determined exhibiting no differences between native and LPS-stimulated PMN (data not shown).
Fig. 3 Effect of LPS incubation on stimulation of cyclic AMP levels by adenosine (A) and CGS 21680 (B) in human PMN. Human PMN were incubated with either culture medium alone (᭺) or with medium containing 10 g/ml LPS (᭹) for 6 hrs. Hereafter, adenosine (A) and CGS 21680 (B) concentration-effect curves to stimulate accumulation of cAMP
Changes in the affinity of the A 2A receptor are not due to differential expression of splice variants
The human A2AR gene consists of a complex organized 5Ј-UTR with five non-coding exons followed by two coding exons which
Fig. 4 Saturation curves of [ 3 H]-ZM 241385 binding to neutrophil membranes obtained from native (A, ᭺) and LPS-stimulated PMN (B, ᭹), and for PMN of sepsis patients (C, ᭡). Human PMN were incubated with either culture medium alone (A, ᭺) or with medium containing 10 g/ml LPS (B, ᭹) for 6 hrs; Membrane fractions from the pre-incubated PMN and from PMN of sepsis patients were prepared and incubated with increasing concentrations of the specific
Discussion
In view of the multitude of immunomodulatory effects of adenosine via occupancy of adenosine receptors [20, 21] [24] . LPS also induces the activation of nuclear transcription factors, nuclear factor B (NF-B), activator protein-1 (AP-1), PU.1 and interferon regulatory factor-1 in PMN [25, 26] . In the current study, all in vitro stimulation experiments have been performed with LPS concentrations of 10 g/ml. A saturable dose-response relationship of LPS on the PMN answer has already been pointed out in one of our previously published studies (stable maximum effects from 10 ng/ml up to 10 g/ml with no adverse effects of high LPS concentrations) [27] . Because LPS physically adheres to the polystyrene material of reaction tubes [28] , the g/ml concentration range was used here in order to guarantee maximum stimulation conditions within the saturation range for all reactions. Moreover, even in vivo a wide range of endotoxin concentrations occur: While average plasma concentrations of endotoxin reported for sepsis patients are within the pg-ng/ml range [29] Table 4 .
endotoxemia within the range of g/ml for selected patients with systemic meningococcal disease [29, 30] In the presence of continued agonist activation of the A2AR, signalling is attenuated by a coordinated process of desensitization [33, 36, 37] [42] . It therefore is widely accepted that also the A2A receptor has more than one binding site [43] [44] [45] 
